The fall armyworm, Spodoptera frugiperda (J.E. Smith, 1797) (Lepidoptera: Noctuidae), is the most important noctuid pest in the Americas and has recently become an invasive pest in Africa. A detailed record of S. frugiperda's host plants is essential to better understand the biology and ecology of this pest, conduct future studies, and develop Integrated Pest Management programmes. In this study, we collected and systematically arranged the fragmented bibliographic information on S. frugiperda feeding records. Furthermore, we registered new records of host plants for S. frugiperda based on eight years of surveys in Brazil. The literature review and surveys resulted in a total of 353 S. frugiperda larval host plant records belonging to 76 plant families, principally Poaceae (106), Asteraceae (31) and Fabaceae (31). The literature search revealed 274 (77 % of total) bibliographic records, while 82 (23 %) are new records from surveys in Brazil. The new comprehensive and updated host plant list will improve our understanding of pest biology and management, as well as facilitate future studies on this pest.
INTRODUCTION
The fall armyworm, Spodoptera frugiperda (Smith, 1797) (Lepidoptera: Noctuidae), is recognised as one of the most important noctuid moth pests of North and South America (Chittenden 1901; Luginbill 1928; Vickery 1929; Ashley et al. 1989; Pogue 2002; Casmuz et al. 2010; Murúa et al. 2015) . In addition, this pest has recently spread to Africa (Goergen et al. 2016) and has been intercepted in Europe, with specimens collected in Germany and the Netherlands (CABI 2017) .
In the Americas, the polyphagous nature, voracity of feeding, periodic outbreaks, and economic importance of S. frugiperda has been widely reported in the literature for many years (Smith 1797; Chittenden 1900 Chittenden , 1901 Dew 1913; Luginbill 1928; Vickery 1929; Bourquin 1939; Hynes 1942; Etcheverry 1957; Crumb 1956; Labrador 1967; Costilla & Mercado 1968; Silva et al. 1968; Peairs & Saunders 1979; Sparks 1979; Andrews 1980 Andrews , 1988 Saunders et al. 1983; Ashley et al. 1989; Ferguson et al. 1991; Passoa 1991; Coto et al. 1995; Heppner 1998; Pogue 2002; Pastrana 2004; Bentancourt & Scatoni 2006; Angulo et al. 2008; Casmuz et al. 2010) . Spodoptera frugiperda larvae attack a large number of cultivated plant species (Casmuz et al. 2010) but the greatest damage is observed in grasses such as maize and sorghum (its main hosts), along with other monoculture crops such as cotton and soybean (Pitre & Hogg 1983; Bueno et al. 2011; Hardke et al. 2015) . In Brazil, several tonnes of insecticidal active ingredients are applied for S. frugiperda control each year, and it is estimated that in maize the annual losses can be between 19 and 100 % (Cruz & Turpin 1982; Cruz et al. 1999) , although variable seasonal and environmental conditions can make these types of estimates difficult. Based on estimates published by the Centre for Agriculture and Bioscience International (Day et al. 2017) , in the absence of proper control methods, S. frugiperda has the potential to cause maize yield losses of 8.3 to 20.6 t per year, in just 12 of Africa's maize-producing countries. This represents a range of 21-53 % of the annual production of maize in these countries. The monetary value of these losses is estimated to be between US$2.48 billion and US$6.19 billion.
The objective of this study was to report new host plants of S. frugiperda in Brazil and catalogue the host plant information available in the literature. This paper presents the most complete list of host records for S. frugiperda to date, including many records originally published only in Spanish or Portuguese. Presenting a thorough summary of the existing host plant literature, as well as new host plant records detected by extensive survey sampling in Brazil, in a format accessible to the English language scientific community will be an essential tool for further understanding of this critical pest, particularly in its newly invaded geographic range in Africa.
MATERIAL AND METHODS

Literature review
An extensive review of published works reporting plants being consumed by S. frugiperda was conducted. A variety of bibliographic sources were consulted, particularly previous reviews (Casmuz et al. 2010) , country or state surveys (Luginbill 1928; Labrador 1967; Silva et al. 1968; Tietz 1972; Biezanko et al. 1974; Pastrana 2004; Heppner 2007; Angulo et al. 2008) , specific works (Baxter 1960; Bachini 1966; Palmer 1987; Sánchez & Ortiz 1998; Meagher et al. 2004 Meagher et al. , 2007 Maes 2004; Jiménez 2005; Austin 2007; Dias et al. 2009; Fazolin et al. 2009; Vázquez-Moreno 2009; Quimbayo et al. 2010; Silvie et al. 2010; Morales-Payan 2011; León-García et al. 2012; Boregas et al. 2013) and Institutional Web Sites (e.g. Janzen & Hallwachs 2009; CABI 2017) .
Larval host plant survey
New records of plants associated with S. frugiperda larvae in Brazil were determined by informal host plant surveys conducted by the authors (D.G.M., A.S.). The host plant surveys were conducted from June 2003 to February 2011, in Caxias do Sul municipality, Rio Grande do Sul State, Brazil. Suspect S. frugiperda larvae found feeding on plants in the field were collected by the authors (D.G.M., A.S.) or brought to the authors by members of the local community, including farmers and agricultural professionals, and reared in the laboratory until the emergence of the moths and subsequent identification (Pogue 2002) . The larvae as well as plants on which larvae were collected were brought to the laboratory, where plants were identified by the botanist R.A. Wasum of the Herbarium at the University of Caxias do Sul. The plants were compared with herbarium specimens and specific bibliographical references. The botanical family and specific names were based on the following resources: Tropicos ® database (Missouri Botanical Garden 2017) (USDA 2017) . Host plants were organised according to the botanical family, specific (or generic), name, common name (when used) and references or new record indication. Host plants, of which only generic names were cited, in cases where specific names have been cited already, were disregarded. Due to the large number of host plant synonyms cited in bibliographic sources, these synonyms were omitted from the list. Silva et al. (1968) , this host plant record is referred to only by its common name 'flor-de-maio' which may also refer to 'quaresmeira' (Tibouchina spp., Melastomataceae). Due to this potential ambiguity, neither S. truncata nor Tibouchina spp. were included in Table 1 .
RESULTS
Based
DISCUSSION
The record of 353 plants from 76 families reported here (Table 1) represents the most comprehensive host plant list for S. frugiperda published to date, surpassing Casmuz et al. (2010) , who listed 180 species. In addition, many of the host plant records from Central or South America have been published in Spanish or Portuguese and may provide only botanical common names or outdated scientific name synonyms. The results presented here provide a synthesis of the scattered literature using updated scientific names accessible to English language audiences. The present study increases the host plant knowledge about S. frugiperda, the most important Spodoptera species in the Americas, which has recently also been reported on the African and European continents (Goergen et al. 2016; CABI 2017) . Having updated and standardised information on host plants of this species can contribute significantly to development of more effective insect pest management strategies and the understanding of polyphagous behaviour.
The current list of plants includes both crop and non-crop species, with a high number of species commonly considered weeds, such as beggarticks, burn weed, daisies, morning-glories, romerillo, spiny amaranth and wild grasses (Table 1) . A single larva of S. frugiperda is able to feed on several different hosts during its development (Chittenden 1901; Luginbill 1928; Hynes 1942; Leiderman & Sauer 1953; Baxter 1960; Labrador 1967; Guagliumi 1973; Hallman 1979) . Thereby, according to Bernarys & Singer (2002) , it can therefore also be considered polyphagous at the individual level. The number of host plants reported for S. frugiperda is higher when compared to other congeneric species of agricultural importance such as Spodoptera albula (Walker) (65), Spodoptera cosmioides (Stoll) (126), Spodoptera dolichos (Fabricius) (94) and Spodoptera eridania (Stoll) (202) (Montezano et al. 2013 (Montezano et al. , 2014 (Montezano et al. , 2015 Specht & Roque-Specht 2016) .
The extensive and broad host plant list for S. frugiperda can be influenced by several biological factors, including female moth oviposition behaviour and larval movement. Female S. frugiperda moths will lay eggs on several species of plants, including the most abundant and also the scarcest, particularly in the absence of preferred hosts (Luginbill 1928; Leiderman & Sauer 1953; Labrador 1967) . In addition, this species oviposits in large egg masses that could contain hundreds of eggs. Larvae need to quickly disperse (Pannuti et al. 2016) in order to find food and avoid intraspecific competition and high levels of cannibalism (Bentivenha et al. 2017a, b) , increasing their chances of survival. Hence, the behaviour of ovipositing in large masses is related to polyphagy at the species and individual level, which is common within the Spodoptera genus (Pogue 2002; Montezano et al. 2013 Montezano et al. , 2014 Montezano et al. , 2015 Specht & Roque Specht 2016) .
Knowing which plant species S. frugiperda is capable of feeding on, including non-crop plants such as weeds, is particularly important in the context of pest management. If oviposition and early instar development occurs on non-crop plants adjacent to or within crop fields, later instars are capable of moving en masse to cultivated crops after consuming their original host, thereby maximising crop damage potential (Chittenden 1901; Luginbill 1928; Hynes 1942; Leiderman & Sauer 1953; Baxter 1960; Labrador 1967; Guagliumi 1973; Hallman 1979 ). In addition, polyphagous feeding behaviour can allow S. frugiperda to build or maintain populations outside of the primary cropping season or outside of cropping areas, contributing to increased pest pressure. For example, it was detected that S. frugiperda feeds on millet (Pennisetum glaucum (L.) R.Br.) during the dry season in Brazil, leading to high populations during the off-season and subsequent primary cropping season (Favetti et al. 2017) . Therefore, effective S. frugiperda pest management practices must take into account the presence of host plants within and surrounding crop fields throughout the year. Knowing which plants are potential hosts for S. frugiperda is an essential component of this approach. This study emphasises the importance of basic biological information, such as host plant lists, in the development of pest management strategies. References: 1 -Luginbill 1928; 2 - Rego et al. 1945; 3 -Baxter 1960; 4 -Bachini 1966; 5 -Labrador 1967; 6 -Silva et al. 1968; 7 -Pretto 1970; 8 -Entwistle 1972; 9 -Tietz 1972; 10 -Biezanko et al. 1974; 11 -Moraes et al. 1974; 12 -Martorell 1976; 13 -Howell Jr. 1978; 14 -Hallman 1979; 15 -Santiago Blay 1983; 16 -Palmer 1987; 17 -Garcia & Clavijo 1989; 18 -Sánchez & Ortiz 1998; 19 -Maes 2004; 20 -Meagher et al. 2004; 21 -Pastrana 2004; 22 -Jiménez 2005; 23 -Austin 2007; 24 -Heppner 2007; 25 -Meagher et al. 2007; 26 -Angulo et al. 2008; 27 -Lopes et al. 2008; 28 -Fazolin et al. 2009; 29 -Janzen & Hallwachs 2009; 30 -Murúa et al. 2009; 31 -Prasifka et al. 2009; 32 -Vázquez-Moreno 2009; 33 -Casmuz et al. 2010; 34 -Quimbayo et al. 2010; 35 -Silvie et al. 2010; 36 -Morales-Payan 2011; 37 -León-García et al. 2012; 38 -Boregas et al. 2013; 39 -Vásquez & Rostrán 2013; 40 -Solano et al. 2015; 41 -Dias et al. 2016; 42 -CABI 2017 ; * new record from authors. 
